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WKLLBORE CASING 
Cross Reference To Related Applications 

This application claims the benefit of the filing date of ILS. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
ffled on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background ^thr Tn v^tm 
This invention relates generally Co weDbore casings, and in particular to 
wellbore casings that axe formed using eipandable tubing. 

Conventionally, when a wellbore is created, a number of casinga are 
5 installed in the borehole to prevent ooDapse of the borehole 
undedied outflow rfdriE^ 

formation into the borehole. The borehole is drilled in intervals whereby a casing 
which iatobe install^ inatoww 

installed casing of an upper borehole interval As a consequence of this procedure 
10 the casing ofthe lower interval is of smaller diameter than the casing ofthe up^ 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement anmili are provided between the outer 
surfaces of the casings and tbe borehole waH to seal the casings 
wall As a consequence of this nested arrangement a relatrrety large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves Tnnrpanpd coats due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equips 
20 drilled in the course of the well, and the large vahime of cuttdngB drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect ofthe present invention, a method of forming a 
wellbore casing is provide 



m the borehole, iqjectingfluidk material mtn t>w> borehole, w*K«iiy expanding 
the liner in the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular lmer overlapping 
an already existing casing. A hardenable fiuidic sealing material is injected into 
an annular region between the tubular liner and the new section of the borehole. 
The annular region between the tubular hnermd the new section of the borehole 

10 is then fluididy isolated from an interior region of the tubular liner below the 
mandrel, A nan hardenable fhridic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular hner is extruded off of 
the mandreL The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 

15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fiuidic sealing 
material is removed from the interior of the tubular hner. The remaining portions 
of the fiuidic hardenable fiuidic sealing material are cured. At least a portion of 

20 cured fhiidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includ e s a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 

25 fluid passage. The tubular member is coupled to the mandreL The shoe is co^ 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 

30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passagea The expandable 
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maiuh^ is «>upled to thasxq^rtmeniber and includes jj^ 
tubular member is coupled to the mandrel and includes one or more sealing 
elemmt s, The shoe is coupled to the tubular member and includes a fourth nuid 
passage. The at least one sealing member is adapted to present the entry of 
5 foreign materislmto an mteiior region of the 

According to another aspect of the present mwin^ a method of jcriiang 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer <n»meter of the second totailar 
member, ispiovided that mctadespo 
10 of the second tubular member. A portion of an interior region of the second 
tubular meniber Is pressurixed and tte 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided thai includes an aiumh^ 
16 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular membe r. 

According to another aspect of the present mvention,awellborecasmgis 
provided that includes a tubular liner and an annular body of a cored fluidic 
sealing material The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present mvention, a tie-back liner for 
lining an existing wellbore casing is provided that includes a tubular liner and an 
annular body of cured fh iirtir sealin g materi al The tubular liner is formed by the 
process of extruding the tubular hner off of a mandreL The annular body of a 
25 cured fl uMic seatin g materi al is coupled to the tubular finer. 

According to another aspect of the present inveothm, aa apparatus for 
expanding a tubular member is provided that mchmee a support member, a 
maijdreUatubuJar member audaaboe. The support member includes a first fluid 
passage. The mandrel is coupled to the support number. The mandrel includes 
30 a second fluid passage operand coupled to the firrt fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandr^ 
The tubular member is coupledtot The shoe is coupled to the tubular 
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member. The shoe includes a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 

the shoe is unliable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a wefl borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidk sealing material into the new section of the 
well borehole. 

FIG. 3a is another fragmentary cross-sectional view illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the wen borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a driUable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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PIG. 10a is a cross-sectional fflustratkm of a wellbore including a pair of 



FIG. 10b is a cross-sectional fflratration of an apparatus and method for 
creating a tie-back Iitht mdng an «»p«»nd fl>V tabular m ^Nrr 
5 FIG. 10c is a cross-sect ion al i l lu st r ation of the pumping of * fh*Ai„ 
n»t^ into the annular region between 



FIG. lOd is a cross-sectional illustration of theiiressurixing of the interior 
of the tubular member below the mandrel. 
10 FIG. lOe is a cross-sectional fflustraiion of the extrusion of the tubular 
member off of the mandrel 

FIG. lOf is a eroaa-wnrtitms l fl h urtration of the tie-back liner before (hilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expandable tubular member. 

FIG. ^ a fragmentary cross-sectional view flm 
new section of a well borehole. 

FIG. llbisafragmentarycrosiHfle^ 
an embodiment of an apparatus for hangmgatimuiarlmerwithm 
20 ofthe well borehole. 

FIG. 11c is a fragmentary cross-sectional view fflustratmg the injection of 
afirsto^iantityofahardenabkfhiidk 
well borehole. 

FIG. lid is a fragmentary awss-eection^ 
25 of s wiper dart into the new section of the well borehole. 
KG. 1U is a ft^gmsatazy cross-section^ 
a second quantity °f a hardminhte ffnirtir iraTrngrnstcrial into the new sectian of 
the well borehole. 

FIG. llf is a fragmentary cross-sectional view Qhistrating th^ completion 
30 ofthe tubular liner. 



Detailed Description of the Hhwtrmtive Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a weHbore, and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tabular member* The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlappingjomt that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an rristing tubular memb er by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimises the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
16 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member offofa mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage- The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular me mber. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method peraft a 

at tache d to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



Referring initially to Figs. 1-5, an embodiment of an apparatus and met hod 
for forming a weHtore casing within a subterranean formation will now be 
described. AsOhistratedmFig. l,awellbra 
formation 105. The weHbore 100 indute an exis^ 
6 tabular casing: 115 and an annular outer layer of cementl20. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 ibr forming a weffljore easing in 
10 asubterraneanforniatkmisthenpo 

100. The apparatus 200 preferably inrinrf~ «™ i^am — , ndrfl m-pig^QCu 
tubular member 210, a shoe 216, a lower cup seal 220, an upper cup seal 225, a 
fhiid pissage 230, afhiid passage 235, aflm^ 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 
member250. The expandable mandrel 205 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 rnnhodtmpnt, the fnrmnri nble niandrd 206 eomnriflea a hydwmHr grp^^r, M 
disclosed in V£. Patent No. 6,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubTilarmerrfoer 210 is support The 
25 tabular member 210 is expanded in the direction and extruded off cif^ 
expanda b l e mandrel 205. Tne tubnlarn»ember210 niay befabrto^ 
number of conventional commercially available materials such as, for example. 
Oilfield Country Tubular Goods (OCTG), 13 chroniium steel tubmg/casing, or 
plastic tubing/casing. In a preferred embodiment, the tabular member 210 is 
80 fabricated from OCTG in order to maximize strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 



embodiment^ the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide mmhnal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 
is slotted, perforated, or otherwise modified to catchy 

when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the kngth of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes thud passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal n float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
phig available from Halliburton Energy Services in Dallas, TX, m^fi^ in 

20 accordance with the tea rhingn of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material into the 
region outside the shoe 2 15 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a baU sealing member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 280. 
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250. *i«,«v«w tup prevents loreign materinlm from altering the interior 

region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified^ acwrdm^ ^ 
aprefernxiembcdiii»ent,tte 

from Halliburton Energy Services mDii]]iis,TXmoTto 
material and contain a body of lubricant 

10 




260. *^"«~~P^rapre^tatoreJgn materials 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercial^/ available cup e^ 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cam, available from HaliaurtonEner^ 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 bdowtte 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
xoandrel205. The fluid passage 230 is i^rferabty positioned 
the apparatus 200. 

25 The fhiid passage 230 is in^er^ 

operation, to transport materials sucb as drffl^ 

rates aiid pressures rer^ing from about 0 to 3,0^ 

psi in order to minimize drag on the tulralarmeinber being run ami 

surge pressures exerted on the welD^whic^ 
30 and lead to hole collapse. 

Thefluidpassage 235 penmtoftaidfcinateriab 
passage 230. In this manner, during placement of the apparatus 200 within the 



new section 130 of the wellbore 100, fiuidk materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge pre The fluid passage 

235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further Ouidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllabfr 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to contiollably minimise surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to thB nmtn**™ 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDoxu/minute and 0 to 
9,000 pel in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fhiid passage 240 
to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 210. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 

• 10- 



includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed offbyintnxiadag a phig, dart 
and/or ball sealing elements into the fluid pa ss ag e £30. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The aeala 246 are further positioned 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlapping joint between th^ 

260oftfcehibiilarmeniber210toto The seals 245 may comprise 

any number of conventional commercially available seals such as, for example, 
10 lead, nmber, Teflon, wepo^ 

tb* present disclosure. In apreierred embodiment, the se^ 

StratalcckepoxyavailabfefromH^ 

to optimally provide a load heiaing interference ^ 

tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred pmbodiment, the seaia 245 are selected to optimally provide 

a sufficient frfctioiial force to sup^ 

existing owing 116. In a preferred embodiment , the Motional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 Tbo support rnember 250 is coupledtotbeexpa^ 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferabb/ comprises an annular menuw having sufficient strength to c^ 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodiment, the support member 250 further includes one or more conventional 

25 centealizers(notiItastrated)tohe^ 

In a preferred einbodmMmt, a qum 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. Intlnsnumner,theextnisiontfti^ 
ofthe expandable iwmdrel 205 is fa^ The hmii^t 275 may comprise any 

30 number of conventional commercially available lubricants such as, for example, 
Lubriplala, chlorine base^ 

(3100). In a preferred embodiment, the hibricant 275 comprises Climax 1500 
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Antisieze (3100) available firom Climax T ahrieants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to facfliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to affftfmhiy ft* remaining portion*! of the apparatus 200. In this manner, 

thg intTT Hfaft jn(n Of fi wdg" Tffflt*"* 1 ***** **** Jtpparntnw 200 ift Tnmtmjypj This 

minimizes the pn««fl*fltty nf frtrwign material Ho gging the various flow passages and 
valves erf the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might dog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a haxdenable 
fl nidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 3 15. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pai and 0 to 
1,500 gallona/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section len gt h, 
available pumping equipment, and fluid properties of the fiuidic material being 
pumped. The optimum flow rate and operating pressure are pireferably determined 

30 using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example. Blag mix. cement or epoxy. In a preferred embodiment, the 
hardanable flmdic sealing material 805 comprises a blended cement prepared 
specific f OT the particular 
ServieesinDallas. TXmordertoi^ 
5 white alM mmnfaining optiinum 
during the dinp lnmr wn t of cement in the ammlar region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 816 prefcrabh* is filled with the material 805 in 
10 sufEdent quimtitiestn ensure that, unonra^ 

210, the aimularregian815 of the new section 1^ 
with material 805. 

In a particularly preferred embodiment, aa illustrated in Fig. 3a, the wall 
t hic Jmm w anrt/or the outer diameter of the tabular member 210 is reduced in the 
16 region adjaceirt to the nuinorel 20^ 

apparataa2(H)mpositioiismtbeweIIbore Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Pig. 4, once the ammlar region 316 has been adequately 
20 filled with material 805, a plug 406, or other similar device, is introduced into the 
fluid passage 240 thereby flmdich/ iaolating the interior region 310 from the 
aimular region 315. In a preferred embodiment, a non-hardenable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this maimer, the interior of ttoespanded tubular inember 210 wiU 
25 i»t contain agniffrimtaniountoaf cured niaterial 305. ThJs reduces and Eunplifiee 
the cost of the entire im>cea8. Alteniativ.^.theinaterid^ 
this phase of the process. 

Ctex the mterim- region 310 becomes suffi 
member 210 is extruded offof the expandable mandrel 205. During the extrusion 
30 process, the expandable mano^ 

the tubular member 210. In a preferred embodiment, during the extrusion 
pixx^ the mandiel 2(15 is rinsed at approx^ 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 

the extrusion process is commenced with the tubular mem 

the bottom of the sew weHbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fhndicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from 

Cementer (MSO latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teadiingsofthe present disclosure. In 

15 a preferred embodiment, the pta 

from Halliburton Energy Services in Dallas, TX 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressureB 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and SO 

20 to 4,000 gaUomVmin. In this manner, the amount of hardenable fluidic ■**HTtg 
material within the interior 310 of the tubular member 210 is mmimited In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 3 10 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

25 3,000 ganona/min in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to mrnhnite 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 

30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thic*mft«ff frf t>*» faihnbir mrnihgr 210, the type of hibrieant, and the yield strength 
of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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the inner diameter, and the greater the yield strength oftibe tubular mezxiber 210. 
then the greater the operating p 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of the expandable mandrel will begin whan the pressure of the interior region 
310 reaches, for example, approximately 600 to 9,000 pel 

During the extrusion process, the expandable mandreJ 205 may be raised 
out of the expanded portion of the tabular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec InajrofaiTBdembodiinait, 
10 process, the expandable mandrri 206 ia raised cmtqfthe expanded portion of th^ 
tubularmeniber210atn^ ranging femi a 
the time required fepr the expanato 
the ftipmunim process. 

Whan the end portion 260 of the tubular member 210 is extruded off of the 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferabh/ contact the interior surface 410 of the end 
portion 270 of the casing 116 to form an Quid tight overlapping joint The contact 
pressure of the overtopping joint may range, for example, from approximately 50 
to 20,000 pal In a preferred embodiment, the contact preasure of the overlapping 
20 joint ranges from approximately 400 to 10,000 pei m order to provide optimum 
preasnre to activate the annular sealing members 245 and optimally provide 
reastance to axial motion to accommodate typical tensile and compressive loads. 

The overlapping joint between the section 410 of the existing casing 1 15 and 
the section 286 of the expaimed tubular menib^ 
25 and flokttc seal In a particularly preferred frmhnrWmjmt, ft ^^i^^ ^i^^g 
optimally provide a flnidk and gaae<niflae*lm the crverlappmg joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hat dfushle flnidir materie l 306 fa controDably ramped down when *h» expand 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 mariner, the sudden release of pressure caused 

tubular member 210 off of the ex p andab le mand r el 205 can benmnnnzed. In a 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process* 

5 AHernatrvely, or m combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caxised by the sudden release of pressure. 
The shock absorber may comprise, for examp le, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100, In a pr efer red embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidie seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 2 10 and the lower portion 270 of the casing 116 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 
20 210 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the mterior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or null is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315b then allowed to cure. 

As illustrated in Pig. 6, preferably ai^remainimjcm^ imperial 305 wit^ 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as iflnstrated in Kg. 6, the upper por tion 260 
of the tabular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In t his m nn nrr , the overiarjrang joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 ia enhanced dnrhg the extnisira 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 membera 605 are bonded or nxrfded onto 

260 of the tabular member 210. The pressure relief boles 610 are preferably 
positioned in the last few feet of the tabular member 210. The pressure relief 
bolearwtace the operatmg pressures m 

the tubular member 210. This reduction in repaired operating preasure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction mvelodly to 

entire apparatus 200 upon the completion of the extrusion process. 

herring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 fur forming a easing within a welftore preferably includes an 
20 expandable mandrel or mg 705. an aip a ndsMe mandrel or pig container 710, a 
tuhul»m£Bnber715,afk»ai8l»oe 
a fluid passage 735, a fluid passage 740,^ 

750, an overshot connection 765, another support member 760, and a stabilizer 
765. 

25 The e xp a nd a ble mandrel 70S is coupled to and supported by the support 

member745. The expandable mandrel 706 is ftnther to the expandable 

mandrel container 710. The expajodahle mandrel 705 is preferably adapted to 
controUabry expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional <»mmerciaDy available expandable mandrels 

30 modified in accordance with ttoteacbn^aftbepref^tdifgWe. In a preferred 
em rtodhnen t , the expandable m 

substantially as disclosed in U A Pat No. 6\348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is farther coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, gfarnii«*q steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weHbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is ATpflnfed, the 
outside diameter of the tubular member 715 is greater than the outside diame ter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 baa a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular crosa- section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is denned by the region beginning in the vicing 
of the mandrel container 710 and aiding with the top section 820 of the tabular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region begimangintbevicini^ofthe top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 706 and mAing at the bottom 826 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 715 is greater than the waUthkkmissea of the- intermediate 
and lower sections 810 and 815 of the tubular member 716 in order to optimally 
faciliate the initiation of to 
10 700 to be positioned m locations m to w 

The outer diameter and wall tbiclmeas of to upper section 806 of to 
tubular member 715 may nobler example, from abort ya 
to 2 inches, respectively. In a pre fe rre d embodiment, to outer diameter and wall 
thickness oftotippersectim 
15 to 16 inches and 3/8 to U inches, respectively. 
The outerdiameter and watt tlu^ 
tubular member 7 15 may range, for example, from about 2.6 to 50 inches and 1/16 
to 16 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the mtermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and l/B to U26 inches, respec ti vely. 

The outer diameter and watt thickness of to lower section 815 of to 
tubular member 715 may range, for example, from about 2 H to fV\ i^h^ wtH T/1fi 
to 1.25 inches, respective*/. In a preferred pmhodiment, to outer diameter and 
wall thickness of to lower section 810 of to tubular member 715 range from 
25 about 3.6 to 19 inches and 1/8 to 1.25 inches, respective*/. In a particularly 
preferred emb()diment, to w^ 

member 715 is further increased to increase the strength of the shoe 720 when 
drfllable materials such as, for exanmle, atammmn are used. 

The tubular member 715 preferably comprises a aoUd tnhwl,,. n«m,K» in 
30 a preferred embodiment, the end portion 820 of the tubular member 715 ia slotted, 
perforated, or otherwise modified to coteh or slow down to nmnd^ 
completes to extrusion of tubular member 716. maprrferredeinbodiment, to 
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length of the tubular member 7 IS is limited to minimize th» pAgtfbiHty ofbudding. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment , the shoe 720 further indudea an Inlet passage 830, and one or 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 
10 preferabry includes a body of s(^niatefial840forinaPBasingthe fftrrogthofthc 
shoe 720. In a particularly pz^ 

Comprises **hi f^nit^n^ 

The shoe 720 may comprise airy number of conventional commercially 
available shoes such as. for example. Super Seal II Down-Jet float shoe, or guide 

16 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
t eachin g s of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 716 in the wellbore, optimire the seal between the 
tubular member 715 and an existing wellbore casing, and to optimally feciliate the 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 shove the expendable mandrel 705. The tower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified m accordance *h» t»a Ainga of the p^fynt disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 rjrevents foreign 

region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional comme rcial available cup seals such as, fa n—mpfr TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of thepresentchsctosure. fa a preferred embodiment , the tmpcrcnp seal 
730 comprises a SIP cup available from Halliburton Energy Service m Dallas, TX 
in order to optimally provide a debris oanto and coiitam a body of tabri^ 
The fluid passage 736 permits fiuidic materials to be transported to and 
10 ft^ the iiu»rka-regim of the tubular 

706. Tbefhiidpaasagemiaftaidicb/cmr^ The fluid 

passage m is preferabfr coupled to a^ 

760, the support member 746, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a poritkm adjacent 
15 tothesuriacetotbebottomoftbeexpajidablem The fluid passage 735 

is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drillin g mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gallonaimmite 
and 500 to 9,WH> iiei fa order to j)rovide eu^ 
20 the tubular member 715 offof the expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a weflbore, fiuidte materials fc^ up t^ 
fluid passage 735 can be released into the weflbore above the tubuUu-inemb» 
In a preferred embodiment, the apparetos7<>0 further uumides a pressu^ 
25 passage that ia coupled to and positioned withfa the support mem^ The 
pressure release passage is fu^ ^ 
pressure release passage preferably includes a control valve for eontrollably 
opening and dosuuj the fruM passage. In a preferred embodiment, the control 
valvempressureactivatedfaordBrtocon^ The 
JO pressure release passage Is imsferabfr positioii^ 

renterline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling imid ore 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion in to a new section 
of a wellbore and to nrinhnira surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in flnidk communication 
with the interior region of the faihnhr member 71 fi below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidicty isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerune of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials audi as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further includes one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals mortified in accordance with the teachings of the 



present disclosure. In * p re f erre d embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TXin order to optimally provide a hydranlic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 enstmg casing with optimnllnad bearing ca 
715. 

In a preferred emhodhnrat, the seals 845 are selected to provide a ...flf^* 
frictional force to support the expended tubular member 715 from the existing 
easing. In a preferred enuKxiin^ ^ 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tubular member 716. 

The support member 745 ia preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annuJarmendw having sunWent strength to carry the apparatus 
16 700mtoaxiewaectionofewidlbore. The support menu»er 745 may ranumae any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other strength tubular moo^fiedm 
accordance with the teachings of the present disclosure. In s preferred 
embodiment, the support member 745 comprises conventional drill pipe available 
20 from various steel mills in the United States. 

In a preferred e mbodiment, a body of lubricant 760 la provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 715. w this nianxier, the extrusion of tte 
off of the expandable mandrel 706 is facilitated. The lubricant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chknine based faibricanta, ofl based hibrieanta, or Chmax 
1500 Antisiexe (8100). In a pretend embodiment, the lubricant 760 comprises 
Climax 1500 Antisiexe (8100) available from Halliburton Energy Services in 
Houston, TXm order to (mtimallyprov^ 
30 process. 

The overshot connection 7M is coupledto 
support member 760. The overshot coimection 755 prefer^ 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Inner-string Sealing Adapter, 
Inner-string Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of a weHbore, The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for exampto, steel drill pipe, coiled tubing or other high strength tubulars 
modified in ««THrf«™*> w**h the teachings of the pwnmt disclosure. In a pre ferr ed 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

The stabiliser 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 766 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks modified in accordance with the teachings 

25 of the present disclosure. In a preferred embodiment, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a prefer red embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700* In this manner, the introduction of foreign material into the apparatus 700 
is minimized This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a pie/erred embodiment, before or after positioning the apparatus 700 
within a sew section of a weUbore, a couple of weDbore volumes are circulated 
through the various flow passages of the apiMuratw 700 morto to ensure that no 
foreign materials are located vritbto 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with ttee 

In a preferred embodime nt, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
aweUbore. 

10 AsiItastrstodmEig:8,manalter^ 
and appaintej described heiem fa m 

by forming a tubular liner 810 made of the existing wellhc™. r,rf wg an$ 
preferred Hmhodtment, an outer annular lining of cement is not provided in the 
repaired section. In tte alternative preferi^ 
15 materials can be used to expand the tubular hner 810 into intimate contact with 
the damaged section of the weDbore csaiiigsucmaa, for eaampk, cement, e^ 
dag mix, or drilling mud. In the alternative preferred embodiment, sealing 
inembere815 are preferabh/ provided at bott 

to optimally provide a fhiidic seal la an alternative preferred embodiment, the 
20 tubularlinerSlOtafbnneu 

aathcaeusedtotrerisporthydrwMrbonaw 

in an ovHrlar^relationsbip with the adjacent pipeline section. In this manner, 
underground pipelines can be rej>aired without havnig to dig out a^ 
damaged sections. 
25 In aiurthOT alternate pref^ 

described hereto is usedtodirect^lineawe^ 
I^eried embodiment, an outer aimnla^ 

the tubular liner SlOarri the welW to the alternate preferred a 
any number crffliiidk materials can be us^ 

30 mtimate contact with the wellboresuch as, to 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weUbore casing includes an expandable tubular 
member 902, a support member 904, an apandibleniaiidrelorpig906 t andashoe 
908. In a preferred embodiment, the design and construction ofthe mandrel 906 
5 and shoe 908 permits easy removal of those elements by drilling them out. In this 
manner, the assembly 900 can be easily removed from a weUbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation ofthe 

10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
906 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular croao occtian. 

In a particularly preferred embodiment, an expandable tubular member 915 
is coupled to the upper portion 910 of the expandable tubular member 902. During 

15 operation of the apparatus 900, the tubular member 916 is preferably extruded off 
ofthe mandrel 906 by pressurizing the interior region 966 ofthe tubular member 
902. The tubular member 915 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 

20 Hie tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a p re fer red embodiment, 
the tubular member 916 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mech a ni c al properties as the tubular member 902 . 

25 In a particularly preferred embodiment, the tubular member 915 has a plastic yield 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
ap pr o ximately the same yield properties as the tubular member 902. The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion ofthe tubular member 

30 915 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 



In a preferred embodiment, the combined length of the tubular members 
902 and 915 are limited to minimize the possibility ofbuckhng. For typical tubular 
member mater ial s, the combined length of the tubular members 902 and 915 are 
hmited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed hi intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials such as, for example, oilfield 
tubulars,lowauoy steels, titmu^ or stamless steels. In a preferred embodiment, 
the tubular member 902 is fabricated f^ 
provide approximately the iwmHTTMyhfm^lprop 

Inaparticularly preferred tmmodiment, thAfaiKtiW^^y,^ htm a photic jicld 
16 point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular znember 915. 

The wall thickness of the upper, intermediate, and kmer portions, 910, 912 
and914 of the tubular member 902 may range, for example, from about 1/16 to 1.5 
inches. In a preferred amhodimant . the waUthkAneas of the upper, tntor™^;^ 
20 and lower portions,910,912 and 914of the t^ 

1/B to L25 in order to optimally provide wall thickness that are al>out the same as 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the upper, faternrndiate, and lower portions, 910, 912 
and 914of the tubular member 902 may range, for example, fi^ about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tuoul^ 
30 3 V, to 19 inches in order to optimally provide the ability to expand the most 
commonb/ used oilfield tubulara. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 commercially available tubiilar members modified m 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tutadar Goods avsilabfe 

The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. Ina preferr ed embodiment, the tabularmember91S comprises 
Oilfield Country Tubular Goods available from various UfL steel mills. 

The various elements of the tabular inember 902 may be c^ 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular dements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connec t io n s, 
welding or machined from one piece. In a preferred embodiment, the various 
20 dements of the tubular member 915 are coupled using welding. Hie tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially g^*™** 1 * cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for trample, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment , the support member 904 ia fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The inneretring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluM passage 918 ispreferabbruarito 
to and fixm the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fhudidy coupled to tb^lhiMpasiBge 952. Inapreferraieinbwlirnent, thefluid 
10 passage 918 ia used to mnw^, h«rAm.KU fk^fr. mntorinlq to and fl urn Uic 
apparato»900. Inai»articnlarry inferred em 

include one or mora pressure relief passages (not illustrated) to release fluid 
pressure durmgposiuonmgtf In a preferred 

embodiment, the fluid passage 918 ia positioned alonga longitudinal eenterline of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabk fluidic materials at operating pressures 
ranging from about 0 to 9,000 pat 

The upper guide 920 ia coupled to an mroerpc«ticfflcftb«impix>rtmemlw 
904. The iipper guide 920 preferably i^ 
20 witrnnti» tubular inamber 915. Tto upper guife 920 nuvcraipr^ 
of conventional goide lnmiu^ 

present disclosure. In a preferred embodiment, the m^goJde920comprisesan 



to optimally guide the apparatus 900 within the tubular member 915. 
26 Tlmccuplmg922couplestliesuppottm The 
eouphng922prefer»luyanr^ 

Tbfi variouaelementocf the support m 
number of conventional processes such as, for example, welding, threaded 
connectionsOTniaishmedlr^ in a preferred embodiment, the various 

SO elements of tba support member 904 are coupled usiruj threaded connectii 
The mandrel 906 preferably mctaiiM 
«apar^oncone928,alov^ cone retail 



ions. 

an 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a hibricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, hibricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior regton 972 ofthe tubular member 902 beJbw the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1500 Antiacne 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide fabrication to fadliate tte 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleew 936, l^hmifiing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a pr e fer re d embodiment, axial movement 
of the expansion cone 928 is prevented by the lower »ne retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion rone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928preferabfyb^ 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wail 
thickness of the expansion cone 928 ranges from abort 0.25 to 0.75 indies m order 
to optinialh/ provide adequate compressive strength with mmimal T ntfTinL The 
10 maximu m and mmimnm outside diameters rfthi expansion m. gag mHy pn, ^ 
lor example, from about 1 to 47 inches. Ineprwflgwrf^wrfwwB^f ^ 
and mmhnmn outside diameters of the expand 
to 19moniertooi)tiin8lb>piovMew mm 

The expansion cone 928 may be fabricated from any number of con ventibnal 
15 ccnmnercia% available materia 

or low alloy steel Inapreferred embodiment, the ex^ 
fi^m tool steelmordertooptiinalry provident 
The siixface hardness of the cmt^ 

exaniple,fromabort60ItockvrBUCto70Ra In a pnferred embodiment, 

20 the surface hardness c»f the outer 

about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 Thelower cone retainer 930 is coupled to the expansion cone 928 and the 
housmg940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 baa * mKafam^nj. annular cram etclkiUL 

The lower cone retainer 930 may be fabricated from any number of 

30 conventional coinmercialh/ available materials such as, for example, ceramic, tool 
steel titanium or low alloy steel In a preferred embodiment, the lower cone 
irtainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. Tbe surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 BockweD C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a p re fer re d emhndimftnt, thfl lowftr carm retainer 930 and th* orpfln«irm 

10 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of Use apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior ofthe mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906 . 
The body of cement 932 further may be easily drilled out umng a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

Tb& body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum , cast iron or 
some other drillahle metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation ofthe apparatus 900, the km^ guide 934 pxefei^ly helps guide 
the movement ofthe mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tuhulars, low alloy 
30 steel or stainless steeL In & preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower g 

of the tubular member 902 to provide a sliding fit 

The ft itmmnn s le eve 936 ia coupled to the lower guide 934 a^ 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The ertenmon sleeve 936 preferably has a subetan tialry ammlar cross-section. 

The extension sleeve 936 may be fabricated from airy number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steal In a preferred embodiment, the 
10 e rten ai on sleeve 936 is fabricated^ 

highyield strength- The outer sttrfaceof the ealenskm aleeva 936 pirferably mates 
with the inner surface of the tubular member 902 to provide a «Kd™ g fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece dement in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 9M and is adapted to mate with the exterision 
tube 960 ofthe shoe 908. In this manner, a plug or dart can 
surface through the fluid passages 918 and 962 into the fluid passage 962. 
20 Preferably, the spacer 938 bass substantial^ ammlar croaa-aecticm. 

The spacer 938 may be fabri ca te d from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
order to optimally provide drillability . The end ofthe spacer 938 preferably mates 
26 with the end ofthe extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are formed aa an mtegral one-piece element in order 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation ofthe apparatus 900, the bousing 940 preferabry prevents inyipr radial 
motion ofthe expansion cone 928. Preferabjy, the housing 940 has a substantially 
annular crown noctkm. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to minimise the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fadliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferabry, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a par ticular ly preferred emb o diment , the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element ha order to minimise the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the ap p ara t u s 
900, the upper cone retainer 944 preferabry prevents axial mc^oncf the e^wnsion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
ahanimim or cast iron. In a preferred amhodimftnt, the upper cone retainer 944 
is fabricated firm ahmimumm order to op 
6 cone retainer 944. 

In a partieulatfy preferred eni^^ 
crossHBctkmal shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantia^ leaped to provide increased rigidity and zniiumize the 
10 anoount of material that vnmld have to be drilled out 
The fabricator inandrd 846 ucoiqaled to 
926, the tipper cone retainer 944, the nmricator sleeve 948, and the guide 950. 
Daring operation of the apparatus 800, the hibricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 toteriare between the immdrel 906 and^ Preferably, the 

hibricator mandrel 946 has a substantial^ annubwcrces^ecuon. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast ntm. In a preferred embodiment, the lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimally provide drfllabflity of the 
hibricator mandrel 946. 

The hibricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retains 924, the rubber cop 928^ 

948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably aupports the rubber cup 926. Preferably, the lubricator 

sleeve 948 has a substantially annular croaa-section. 

The hibricator sleeve 948 may be fabricated from any number of 

conventional conunardauy available materials such as, for example, steel, 

ahiminum or cast iron, m a preferred embodiment, the lubricator 
30 febricated from ahiminum in order to optimally provide drfflabflity of the 

lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the nibbcr cup 926 to the lubricator steeve 948. In 
a preferred embodiment, seeJs 949a and 949b ere pr^^ 
5 mandrel 946, hibricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902 . 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the hibricator sleeve 948. During operation of the apparatus 900, the guide 
960 preferably guides the apparatus on the support! Preferably, the 

10 guide 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, or cast 

iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In * particularly pi»fw *y^ embodiment, tfr» 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rate ranging from a 

to optimally provide pressures and flowrates to displace 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and c e m ant ii i g . 

The shoe 908 preferably includes a housing 954 , a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the extrusion and i»aitio^of the tubular member 902. 
Preferably, the housing 954 has a mhstantinHy armolar cross-eection. 

The housing 954 may be fabricated from any number of conventional 
commercially availabk materials such as, for example, steel or aluminum. Ha 
5 preferred emb odi me n t , the housing 954 ia fabricated from ahrminnm in order to 
optimally provide driDabOity of the homing 951 

In a particul ai ly p re fer red embodiment; the interior surface of the housing 
9 54 includes one or more protrusions to facih^ the connection between the l>od^ 
of cement 966 and the housing 954. 

10 Thebodyofeement95fiiseonia^ 

958. In a preferred ^hortfmerir, the compwtftfon of the body of cement 956 is 

selected to permit the body of cement to be eaia>drflled out using onnventtonal 

drilling machines and processes. 

The composition of the body of cement 966 may include any number of 
16 conventional cement compositions. In an alternative embodiment, a drfllabk 

material such as, for example , aluminum or iron may be substituted for the body 

of cement 956. 

The eaaling sleeve 958 ia coupled to the body ofeement 956, the excision 
960, the fliml passage 96^ ard one or During operation 

20 of the ejma»tus 900, the seeing ■ 
hsrdenabm mridirmirteri al from Uie 

and then into the outlet jete964fagidertohrjecttbehardeiiabte Guidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the Bealing sleeve 958 further 
25 »*hjdesanhilrtgeometryt^ 

kxigedmthemletoftbesejdmgaleeve968. In this rnarmer, the fluM passage 662 
may be blocked thereby fhjlfic^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annularcroes-section. The sealrmj sleeve 958 may be ftt^^ 

of converrnonal congenially available materials such as, for example, steel, 
shmunnm or cast iron. In a preferred embodiment, the sealing sleeve 958 ia 
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fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958* 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. Daring operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fltridkty isolating the interior region 968 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fab rieated from any number 
of conventional commercially available matmalft such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the e xtension 
tube 960, and one or more outlet jets 964. During operation ofthe apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials . In a 

25 preferred embodiment, the fluid passage 962 ia positioned about the centerline of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging fiom about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to optimally 
provide fluids at operationally efficient rates. 

30 The outlet jeta 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation ofthe apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

Inapreferred embodiment, the outlet jets 964 cmnprisepassa^ drilled in 
the housing 954 and the body of cement 966 inardertoainmluythocoiistrurtion 
5 of the apparatus 900. 

The various elements of the shoe 908 may be cmmlednsm* any number rf 
conventional process such as, for example, threaded connections, cement or 
machmedfromoneirfeceof inaleriaL In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 

In a preferred embodiment, the assembly 900 is operated substantially as 
described above with reference to Figs. Wtocwateanewaw^rfcasmgma 
wellbore or to repair a wellbore eash^ or pipeline. 

In particular, in order to extend a wellbore into a Bubterranean formation, 
a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formaticmisthenpositkmed^ In a particularly 

preferred enibodunent, the apparatus 900 includes the tubular member 916. In a 
preferred embodiment, a hardenable fhridic sealing hardenable fhiidic sealing 
20 material is then pumped from a surface location into the fbnd passage 918. The 
hardenabfef mjffirwwmi g m ati iri alth m p ^ ^ 

interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 apparatus 900 via the outlet jeta 964 and fills an annular region between the 
exterior ofthe tubular member 902 an^ 

wellbore. Continned pumplngof the hardan&hlw fhti^n ^^ c ^ ntcrinl amam ^ 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular regkm at pressures and flow rates ranging 
5,000,riaiid0tol,5WgaJlon^ 
hardenabfefluidicseafingnMueriidfe 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the haidenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation uri^ 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined ymfnp mTiwritfrpiil gmpiTyyl methods. 

The hardenahle fluidic sealing material may comprise any number of 
conventional commercially available hardenahle fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenahle fluidic sealing material comprises blended cements rfggjgnpri 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to opthnaljy provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to mmnww* 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenahle fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the anmilar region of the new section of the wellbore will be 
filled with hardenahle material, 

20 Once the annular region has been ad 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fhiidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenahle fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by mtrcxhidngtbeph]gordart974,orc4her 
mmiirn* device into the non hardenahle fluidic xn E tf"^, In this manner, the 
amount of cured material within the interior ofthetubiilar members 902 and 915 

30 is minimised. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support inember 904. Duringthb extrusion proa^t^ 
substantial^ stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

intrcxhuingthe plug or dart 974totot^ 

a conventional manner. The prog or dart 974 may comprise any number of 
conventional commercially available daviwM»fiwpinggw^i> fl^id passage mich an, 
for example, Multiple Stage Cemanter (MS© latch-down prog, Omega latch-down 
10 phig or three-wiper latch down ph« 

the present disclosure. In a preferred wnhodimrnt. the pfayor dart 074 wimp^ 
a M3C latch-down plug available from HaTKhurton Energy Sendees in DaHm. TX 
After placement of the plug or dart 974 in the fluid passage 962, the non 
bardenable fluidic material is preferably pumped into the interior region 968 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/nun in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and B15 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 teaches approxunatiOy 500 to 9,000 pai In a preferred 
embodiment, the extrusion ofthe tubular members 902 and 915 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gaDons/onnute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tabular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, during the extrusion 
proceaa, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed mat enough to permit efficient operation and 
30 permit full expansion of the tubular members 902 and 915 prior to curing ofthe 
bardenable fluidic sealing material; but not so fast that thneb/ adjustment of 
operating parameters dnring operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular membo- 
915 will preferably contact the interior surface of the lower end portion of the 
ftriflting casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 pal In 
a preferred embodiment, the contact pressure of the overiapprngjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optim^ 
10 the tubular niexnber 915 and es^ 
compressive loads* 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fmidic material will be controllably ramped down when the mandrel 
906 readies the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure eansed by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimized In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operating pressure and/or flow 
rate of the hard en ab le fiuidic sealing materia] and/or the non hardenable fiuidic 
material are controlled during all phases of the operation of the apparatus 900 to 
ininimiic shock 

25 Alternatively, or in combination, a shock absorber is provided in the support 

member 904 in order to absorb the shock caused the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process ia completed, the mandrel 906 is removed from 
the wellbore. In a prefei Ted emb o diment , either before or after the removd of the 
mandrel 906, the integrity of the fiuidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casfagis tested using conventional methods. If the flnidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing easing is satisfactory, then the uncared portion of any of the 
5 hardenable flnidic sealing material within the expanded tubular member 915 is 
then removed ma conventional manner. Th» hardenable flnidic «pnKn g material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of weilbore is then allowed to cure. 

Preferably any r Bmatnfa g cured hnrdprwhl e flukhc sealing material within 
10 the interior of the exjwided tubular membra 

conven tio na l m nn ne r usinga conventional drill string. The resulting new section 
of casmg preferably includes the expanded tabular membero 902 and 915 and an 
oatar annular layer of cured hardenable flnidic sealing material. The bottom 
portion of the apparatus 900 omiprming the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative enuwdiment, during the extrusion process, it may be 
necessary tortanove the entire appa^ 
to a malfunction. In this drcumstance, a conventional d^s 
out the interior sections of the apparatna 
20 the remaining sections. In a preferred enuwdiment, to 

apparatus 900 are fabricated from materials such as, for example, cement and 
almnhmm, that permit a conventional drill string to be employed to drill out the 
ulterior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 ae^ona of the mandrel 906 and abne 908, mch^ 
ceinent 932, the spacer 938, the aenltag slew 
the fabricator niand^ 946, tto 
954, the body ofcament 958, tte sealing!^ 
are selected to permit at least wa» these componenw to be a 
30 conventional drilling methods and apparatus. In thisinanner, fatheevent of a 
malfun ct ion downhole, the apparatus 900 may be easily removed from the 
weilbore. 
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Referring now to Figs. 10a, 10b. 10c, lOd, 10e, 10f, and lOg a method and 
apparatus for creating a tie-back liner in a welBxxre will now be described. As 
illustrated in Fig. 10a, a weHbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferabr/incta 

annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement anmihia 1014. In a pre f erred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs, lla-llt 

10 In a par ticu la r ly preferr ed embo diment, an upper portion of the tabular 
liner 1012 overlaps with a lo we r p er li on of the tubular liner 1008. In a particularly 
piefeiied ftmhodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fhiidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid paasage 1135, one or more fluid passages 1140, seals 1145, and a 

20 support member 1160. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in VS. Pat. No. 5,348,095, the disclosure of which is 
incorpo r ated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 

mandrel 1105. The tubular member 1 105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 



-44- 



fabricated from any nnmber of materials such as, for example. Oilfield Country 
Tubular GoooX 13 cfarcrai^ In apreferred embodiment, 

the tabular member 1110 is fabricated from Oilfield Ccauitiy Tubular Goods. 
The inner and outer diameters of the tubular memljer 1110 may range, for 
5 example, from approximately 0.75 to 47 mfhrn and l.()S to 48 inches, respectiveb/. 
In a preferred embodiment, the inner and<mter diameters of the tubular niettiDer 
1110 range from about 3 to 16.5 inches and 3.5 to 16 Inches, respectrvelym order 
tooptinialfrprovideccver^ casing sisea. Thehibularmember 

1110 preferably compriaes a solid member. 
10 Inaprefernrfenuxjdiment, tbeiippOT 

1110 is "lotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
nummixe the possibility of buckling. For typical tabular member 11 lOmaterials, 
15 the length of the tabular member 1110 is preteabfr Knitted to be 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. TheshoelllSindudestbeflnM passage 1136. The shoe 1115 may 
comprise any number of conventional conuaerdalh/ available shoes such as, for 
20 example, SunCTSeainfloatBhoe,S^ 

with a sealing sleeve for a latch down pmg modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an alumimm down-jet guide shoe 
plug wita side norto radiiitmg off of tl» 
25 Energy Services in Dallas. TX, inocUfled to eisardance whh the to 
present diiiclosure, in ord» to optimal^ guide th^ 
overlapbetween the tubular m 

isolate the interior of the tubular member 1100 alter the latch duwn phuj has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
30 expansion and cementing operations. 

In apreferred embodiment, the shoe 1115 tochinos one or nmreinu^ outlet 
ports 1140 in fiuidk Mirmunication with the fluid passage 1135. In thia manner, 
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thft shoe 11 * K iryifftai hardenable fluidic g^^^c^fttniftl ir to thi* region mitcido the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
in eludes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passag es 
5 1140 can be sealed off by introducing a phig, dart and/or baD sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1 105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
mieh as, for maniple, TP cups or Selective Iqjactfon Packer fSTFn mp* nnvlifiAri in 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits fluidic material* to be transmitted from fluid 
passage 1 130 to the interior of the tubular member 1 110 below the mandrel 1 105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
eecttonal shape that permitsaphig, or otto similar device, tor>e placed in th^flaid 
passages 1140 to thereby block further passage of flnidic ™ a i™«) a In this 
manner, thfi interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tabular 
member 1105. This pernn^ the interior region erf tte 
the expandable mandrel 1105 to be pressurised. 

Tbo fluid paisageflU40 are preferably porition^ 
shoe 1116. The fluid passages 1140 are preferably selected to coir*ey materials 
10 *uch secernent, drilling nrudOT 

about 0 to 3,000 gaJtona/minute and 0 to 9.000 pal in order to optimally ffll the 
annular region between the tubular member 1110 and the tubulaT liner 1008 with 
fluidic materials, In a preferred euftodrment, the fluid passages 1140 inemde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
16 manner, the fluid passages 1140 can be sealed off by iruroducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe H16 includes a single 
inlet paaaage coupled to the fluid passages 1140 thai fa adapted to receive a plug, 
20 or other similar device, to permit the hrteriorn^ofthetur^niemberlllO 
to be fhiididy isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a tower end portion of the 
tubular member 1110. The seals 1146 are rurther jxwitioiied on an out« 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member lllfl to be fJnidicry sealed. 

The seals 1145 may comprise any number of conventional eoinmercially 
available seals such as, for example, toad, rubber. Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 «nbodmmnt,these8toU45conmriM 
torn Halliburton Energy Se^ 
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hydraulic seal in the overiappingjomtandoptimalfy 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient frictionalforce to support the expanded tubular member 1110 from the 
5 tubular liner 1008. In a preferred embodim ent, the fractional f o rce provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tabular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a piefiuml embodiment, the support 
member 1150 further includes one or more conventional centralism (not 
illustrated) to help stabilize the tubular member 1110. 

In a p re f erre d embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubrylate,chlorinebasedhibricant8 or Climax 1500 Antiseize (3100). 

20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiaeize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus HOP is minimised , 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel HQS during the extrusion process. 

In a particularly p re fe rred embodiment, the apparatus 1100 includes a 

SO packer 1155 coupled to the bottom section of the shoe 1 1 15 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidk 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1166 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1 166 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX. In an alternative embodiment* a high gel strength pill nury be set 
below the tie-backmplace of the packer 1156. In another alternative einbodiment, 
the packer 1166 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the weUbore 11 00, a couple of weUbore volumes are circulated in order to 
10 ensure that no foreign materiali are located within the weUbore 1000 that might 
dog up the various flow passages and valves 

that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hnrdenable fliiidkaealmg material 1160 is then 

16 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tabular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1 160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,600 

25 flallona/min, respectively. In a preferred twnhftriimmi^ ih* m^fr^wUI 1 1 fin U pnmpoH 
into the annular region at pressures and flow rates specifically a^gm*! for the 
casing sixes being run, the annular spaces being filled, the pumping equipment 
av a i lable, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 

30 Thehardenablefluidicsealmgmai^i^ 1160 may amrprise any number of 

conventional commercially available hardenable flnidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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hardenable fhiidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 

5 qppratir mfll rfiffi rtilti oc rinrmg thfr iticplftrerrn mt t\f t*mm± fa ihi» nttntilwr region 

The opt imu m blend of the blended omenta are preferably determined using 
conventional e mpiri cal methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 1 10 v the 

10 annular region will be filled with material 1160. 

Aa illustrated in Fig. lOd, once the annular region has been adequately filled 
with material 1160, one or more plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1 140 thereby fluididy isolating the interior 
region of the tubular member 1110 from the annular regkm external to the tubular 

15 member 1110. In a preferred embodiment, anon hardenable Ouidic material 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fluidic 

20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 is minimised. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber balls, or darts modified in accordance with the t eachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart. 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 harrlennh le fluidic material 1161 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 8,000 galtonaftnin 
In a pi^erTed embodiment, after placement of the plnga 1165 in the fluid passages 
1140, the non hardenahle fluidic material 1161 is preferably pumped into the 
10 interior region of the tabular member mo below the mandrel 1105 at pressu^ 
and flow rates ranging from approximately 1200 to 8500 pai and 40 to 1250 
gallona/min in order to optimal^ provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
16 interior region of the tubular member 1110 below tie mandrel 1 105 reaches, for 
example, approximate^ 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expendable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the expandable mandnd 1105 may be ra^ 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example , from about 0 to 5 ft/sec Ina prefeix e d embodiment, during the extrusion 
process, the exp andable mnnrirel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rat* 
26 provide permit adjustment of opentioaal parameters, and 

the extrusion process wfll be comptetedbe&re the material 1160 aires. 

In a prefierxed embodiment, etleert 
1110 has an internal diameter less thtt 1105. 
In this manner, when the mandrel UCK expands tteaection 1180 of the tubular 
30 member 1110, at least a portion of the expended sec^ 1180 effects a seal with 
at least the weHbore casing 1012. Inapartiailarfrpre^ 
is effected by compressing the seals 1016^^ 
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the wellborecasmg 1012. In a preferred embodiment, the contact pressure of the 
joint between the p*p»*v^ section 1180 of the tabular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
l en gth of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 

10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 

15 provide optimal resi stance to ensure that the joint will withstand typical extremes 
of tensile and c omp ressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllabJy ramped down when the expandable mandrel 1105 
r eadies the upper end portion of the tubular member 1110. in this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minlmriffd In a 
preferred embodiment, the operating pressure of the Quidic material 1161 is 
reduced in a substantially linear feshion from 1 00% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximately all but about 5 feet of the extrusion process. 

Alternatively, or m rm*>"™*i<™ t ■ nhnA absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively , or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1110 in order to catch or at leart 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion p roce ss is ^nT^r^tfid, the 
expandable mandrel 1106 is removed from the weDbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidfc seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tabular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
e xp anded tubular member lllOis then removed in a conventional ^nftn ngr. The 
10 material 1160 within the annular region between the tubular member 1110 and 
the tubular liner 1008 is t hrn allowed to cure. 

As illustrated in Fig. 1Q& preferahfy any remaining cored material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. One resnltingtie-back liner 
15 ofcasing 1170 includes the expanded tubular member 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1156 is then preferably removed by 
drilling out the shoe 1115 and pecker 1155 usmg convention^ 
20 In a particularly preferred embodiment, the apparatus 1 100 incorporates 
the apparatus 900. 

Referring now to Figs, lla-llf; an embodiment of an apparatus and method 
for hanging a taibularliiier off ^ casing will now be described 

As illustrated in Fig. 11a, a weUbore 1200 is positioned in a subterranean 
25 formation 1205. TheweUbore 1200 inching an existing c 

a tubular casing 1215 and an annular outer layer of cemen t 1220, 

In order to extend the weffiwre 1200 hitot^ 
a drill string 1225 Is used in a well known maimer to drffl out material from the 
subterranean formation 1205 to form a new section 1280. 
30 As mustrated in Fig. lib, an apparatus 1^ 

in a subterranean formation is than positioned in the new section 1230 of the 
wellborelOO. The apparatus 1300 preferably inchidgfl an «rp»Tid fl M ft m***™} or 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320 , a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper phig 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels mnHiffo] in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel taofi comprises a lrydnrulk **p«Tiftfon frw> ! 

10 substantially as disclosed in US. Pat No. 5,348,095, the disclosure of which is 
incorporated htraiiiby reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 m^y range, for 

20 example, from approximately 0,76 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diame te rs of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide minimal teJeacopingeffect in the most commonly encountered 
wellbore sixes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 inches and 3 14 to 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respecti v ely. In a pr e f e r red 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tabular member 1310 is less than or equal to the 
5 wall thicknessof the upper and lower sections, 1355 and 1365, of the tubular 
member 1810 in order to opthnalh/ firaliate th? frnitifltwn of the arjumon process 
and optimally permit the placement of the apparatus in areas of the weUbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred emb odiment , the upper end portion 1SES of the faiKnlny member 1310 
is slotted, perforated, or otherwise modi^ to catch or alow down the mandrel 
1805 when it completes the extrusion of tubulex member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
16 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

Hie shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1336. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal H float shoe. Super Seal U. Down-Jet float shoe or guide shoe with a 
sealing eleeve for a latch-down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the shoe 1815 comprises an 
aluminum down-jet guide shoe with a sealin g sleeve for alatcfa-downplog available 
from Halliburton Energy Services m Dallas 

25 teachings of ttiepree mt dlscl c ear^ 

1310 into the wellbore 1200, optimally fluidich/ isolate the mterior of the tubular 
member 1810, and optimally permit the complete drill out of the shoe 1316 upon 



In a preferred embodiment, the shoe 1815 farther mchidea ore 
30 outlet ports in fhririic romTnumrnrinn with the fluid na«ap> laan Tn fcl.i.m.n^ 



outside the ahoe 1315 and tubular member 1310. Inapreferredenobodttnent, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a floidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing dements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits floidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallona/minnte and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape «J™t permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further pa In this manner, 

the interior region 1370 of the tabular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300 . 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rate s and pressures ranging from about 0 

30 to 3,000 gaUonsAninute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the weDbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball Bealing member. 

IntbisniarmCT.tfaefoMpaasa^ 

and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
paasage 1886 is coupled to and positioned within the shoe 1316 in fluidic 
co mrnnniraHon with the fluid passage 1830. The fluid passage 1836 is preferably 
positioned substantial along toe centerlme of tlie apparatus 1300. The fluid 
psasage 1335 is preferably selected to eoiwey materials such as craent, drfl 
10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 of the wellborn 1200 
with fluidic materials. 

The seals 1340 are coupled toand supported b^ 
16 of the tubular member 1310. The seals 1340 are further positioned on anouter 
surface of the upper end portion 1355 of the tubular member 1810. The seals 1340 
permit the orerlapping joint between the lower end portion cfthe casing 12 16 and 
the upper portion 1355 of the tubular member 1310 to be fhiididy sealed. The 
seals 1340 may comprise any number of conventional cmnmBwrinliy aP ,n«M„ 
20 such as, lor example, lead, nibber, Teflon 

with the teacdiingsofthe present d^osure. mai»efBiredembedmient,iheBeals 
1340 comprise seals molded from Strata*** epoxy available from Halliburton 
Energy Services in Dallas, TXin order to optmm% jat^ a hydraulic sem to the 
annutasoftheoverlapiimgjomtwhUeal^ 
26 to withstand typical tensile and compressive loads. 

toapreferred enibodunent, the aeala 1340 are se 
asuffidentfrictionalibro 

existing casing 1215. In a preferred embodiment, t^ 

the seals 1340 ranges from about 1,000 to 1,000,000 tof to order to optimally 
SO support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandr el 1306, 
tubular member 1310, shoe 1316, and seals 1340. The support member 1346 
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preferably comprises an y»mii1»r member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weUbore 1200. In a preferred 
embodiment, the support member 1346 further includes one or more conventional 
centralixers (not illustrated) to help stabilize the tubular member 1310. 
5 In a preferred embocUmei^ 

prior to assembry to the remaining portions of the apparatus 1300. In this 
manner, the introduction of foreign material into the apparatus 1300 is minimi red. 
This minimixes the possibility of foreign material clogging the various flow 
passages and valves of the app 
10 interferes with the npwriiPfm process. 

The wiper plug 1360 is coupled to the mandrel 1306 within the interior 
region 1370 of the tubular member 1310, The wiper phig 1350 includes a fluid 
passage 1375 that is coupled to the Quid passage 1320. The wiper phig 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 
15 example, Multiple Stage Cementer latch-down phigs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the t pnchtngn of the 
present disclosure. In a preferred embodiment, the wiper phig 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 of the weUbore 1200, a couple of weUbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weUbore 1200 that might clog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Kg. 11c, a hardenable flnidic Besting material 1380 is then 
pumped from a surfece location into the fluid passage 1320 . The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1376, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passesfrom the interior regwn 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1336 and fills the anrmlnr region 1390 between the exterior of the 
tabular member 1810 and the interior watt of^ 

1200. Continued pumping of the material 1380 canses the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rate 

1,500 gallonafmin, respectively. In a preferred emtodiment, the material 1380 is 

pumped into the annular region 1390 at pressures and flow rates ranging from 

about 0 to 5000 psi mid 0 to 1,500 g 
10 fiU the annular regicro between the t^^ 

of the wellbore 1200 with the hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 

conventional conuner riany avaflflhif* hardenable fly *dic sealing mnt*g - i*]* mi eh as, 

for example, slag mix, cement or epoxy . In a preferred embodiment, the 
15 hardenable fluidic seeling material 1380 comprises blended cements designed 

specifically for the weU section beu^ 

Services in order to optimally provide support for the tubular member 1310 during 
dis pl a ceme nt of the material 1380 in t he a nnular region 1390. The optimum blend 
of the cement is preferably determined nmg conventional empirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to ensure that, upm t*AM grp*™™^ n^thf trtbnlar member 
1310, the annular region 1390 of the new section 1230 of the vrem>ore 1200 wffl 
filled with material 1380. 

As illustrated in Fig. 1 Id, once the Annular region 1390 has been adequately 

25 filled with material 1380, a "wiper dart 1395, or other similar device, is introduced 
into the flui d pa ss ag e 1820. The wiper dart 1395 iaprefar^pumpedthrou^ithe 
fluid passage 1320 byanonhardenabtefhiidk material T3B1 The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper plug 1350 causes the wiper phig 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 thenpreferably 
wffl lodge in the fhiid passage 1330, tn^^ 



passage 1330, and fluidity isolating the interior region 1370 of the tubular 
member 13 10 from the jmniilar region 1390. In a preferred embodiment, the non 
hardenable fhiidic material 1381 is then pumped into the interior region 1370 
causing the ulterior region 1370 to pressurize. Once the interior region 1370 

6 becomes sufficiently pressurised, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. Durmg the extrusion proce^ 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 introd ucing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may c ompr ise any number of 
conventional commercially availabte devices fcw 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plufcB 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 oomprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 usiog the w^phig 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 pei and 0 to 1,500 galbns/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 ISlOiamhiimised 

In a preferred embodhnpn t, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from approximately 600 to 9,000 psi and 
40 to 3,000 gallons/min in order to optimally provide operating pressures to 
30 m»fat»hi the expansion process at rates sufficient to permit adjustments to be 
mad e in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrorian of the tubular member 
1310 off of the expandable mandrel 1306 will begin when the pressure of the 
interior region 1370 reaches, for example , approximately 500 to 9,000 psi In a 
preferred embodiment , the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is ft function of the tubular member diameter, wall 
thickness of the tubular member, geometry rfttoxnand^ the type of lubricant, 
the composition of the nhoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional imphiral methods. 
10 Durmg the extnision process, the expendable mandrel 1305 may be raised 
out of the expen d ed portion of the tubular member 1810 at rates ranging, for 
example, from about 0 to 6 fiVaac. In a preferred «™K~K™™f ^irmgtho pctnuaon 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ftVsec m order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1810 is extruded 
off of the expandable mandrel 1806, the outer surface of the upper end portion 
20 1350- oftho tubular member 13M 

lower end portion ofthe casing 1215 to fom an fhiidtiglrtowlapping joint The 
contact pressure of the overlapping Joint may range, for example, from 
approximately 60 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from ap|nmdmateb/ 400 to 10,000 psi m order to 
25 optmialfyprovidecontaap^ 

enough resistance to withstand typical tenafle and compressive toads. In a 
I»articularh/ preferred embodim en t , the sealing members 1340 wul ensure an 
adequate fluidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the oiau^tiiigpressure and flow rate ofthe 
30 hardenabtefluidtenmteriallSSlto 

mandrel 1805 reaches the upper end portion 1356 ofthe tubular member 1310. 
In this manner, the sudden release of preasure-caused by ttoeonm 
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of the tubular member 1310 off of the expandable mandrel 1805 can be minimised 
Id a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, orin combination, « ahnrk absorber provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1355 of the tabular member 1310 motto 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. Ina p r efe rre demhodhnmy either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidk seal of the 
15 overlapping joint between the upper portion 1 355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satiafactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 ifl then mmrypd in a ^Tre^t^? 1 ™«™mr The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tabular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out tlm 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described that m 

in the borehole. A body of fluidic material is then mjected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel 



The injecting preferably includes nneeting a hardimabfe lhu^ 
into an annular region located between the borehole and the exterior of the 
tubular liner; and anon bardenable fhnrtir materi al into an interior region of the 
tubular liner below the mandrel The method preferably includes fluidicly 
5 iscJaling the annular region fora them 
quantity of the non bardenable sealing material into the interior region The 
injecting the bardenable fhucbc sealing material Is preferably provided at 
operating pressures and now 

gaDonsAnin. The injecting of the non hardenable fluldk uiaterial is prrf 
10 provided at operatfagpreasuresiuKiflw 

and40to3,000gallona*nm. The injecting of the non haidenahlefhn^ material 
is preferably prorided at reduced operath^ 

portion of the extruding. The non bardenable fluidic material is preferably 
iiyected below the maiidreL The method in-eferablymchid^ 
16 of the tubular Imer below the inandre^ The region of the tubular liner below the 
inandrelisnreferBbhrpreBsuriaed 
Theinethodpreferabfrmch^ 

liner from an exterior region of the tubular liner . The method further preferably 
inchnies airing thenar^ 

20 ofthecuredeeeJtagmateriallocatrf The method further 

pieferabhrmidndes overlap^ 
The method further prefer^^ 

lmer and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubule 
25 casing. The method further prefer^ 

the overlap between the tubular hner and the existing wellbore casing. The 
mirfnod further preferabfri 

fhudkaealinginaterialwitbmt^ The method further 

preferably includes lubricating the surface of the mandrel. The method further 
30 preferably includes absorbing shock. The method further preferably includes 
catching the mandrel upon the completion of the 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 

5 The tubular member is coupled to the mand^ The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
axe operably coupled. The support member preferably further includes a pressure 
relief pas sa ge, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferably mt^des one w more sealing members 
adapted to prevent foreign material from entering an hiterton 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated 

Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 
IS tubular member preferably has inner and outer diameters ranging from about 3 
to 15.S inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psL The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for stowing down the mandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
b locking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an iimer diameter greater than mc 

the second tabular member, has been described that includes pos it i oni ng a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship , pressurising a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tu^ 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferabry provided at operatingpresro 
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600 to 9,000 psL The preasuriring of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the eitrudjng. Tne method further preferabty includes 
sealing the overlap between the first and second tabtdar members. The method 
5 further preferably inchulessupp^ 
the overlap with the second tabular member. The method further preferably 
incwdeslubrirating the surface of them The method further preferably 

includes absorbing shock. 

Abnerfbrusemereatinganewaectionof^^ 
10 formation adjacent to an already existing section of weHbore casing baa been 
described that inchidea an annular member. The annular member mcludes one or 
more sealing members at an end portion of the anmdar member, and one or more 
pressure relief passages at an end portion of the annular member. 

A weubore casing has been described that mcludes a tabular liner and an 
15 sunularbcdyofacuredfhudicwmli u gmfrte ri aL The tubular lmer is formed by the 
process of extruding the tubular liner off of a mandrel. The tabular liner is 
preferably formed by the proceas of placid 

the weDbore, and pressurizing an interior portion of the tabular finer. The 
annular body of the cured Quidk sealing material is preferably formed by the 
20 process of injecting a body of hardennhlff flnirtir wwiling material into an annular 
region external of the tubular Hner. During the pressurizing, the interior portion 
of the tubular ImOTiapreferabb/ ft 

tabularliner. The mterior portion of the tabular liner is preferabfr pressurised 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an ecristingwein^ The wallbore casing preferably further 

inctadesaseidpositioiu^m 

welfoore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a weDbore casing within a 
SO borehote baa been described that in^ 
withm the wellbore caaing.inje<^a 

pressurizing a portion of an mterior region of the tabular finer, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag T"*», cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a p r efe rred embodiment, the 
i^jftrfcmg of fl™ nf fhrfflf TttflfcArinl in pmvtded nt operating prefflmrea and flow 
rates ranging from about 500 to 6,000 pa and 40 to 3,000 gallona/min. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
reduced operatingpressures and flow rates duiingan end portion of the 
10 In a preferred embodiment, the fluidic matoialisii\Jectadbetowtheman<fceL In 
a preferred embodiment, a region of the tubular Hner below the mandrel is 
pressurized. In a pref e rr ed embodiment, the regmn of the tubular lin^ below the 
mandrel is pressurized to pressures ranging from about 500 to 9,000 paL In a 
preferred embodiment, the method further includes overlapping the tubular liner 
16 with t he enstang wellbare casing. In a preferred embodiment, the me thod further 
includes sealing the interface between the tabular liner and the easting wellbore 
casing In a prefer r ed embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method farther inchidra testing them 
20 interface between the tabular liner and the existing wellbore casing. In a 
prefer red embodiment, method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method ftirther includes catching the 
mandrel upon the complation of the extruding. In a preferred embodiment, the 
26 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing weDbore casing has been described 
that includes a tubular hner and an annular body of a cured fluidic sealing 
material, TbB tubular hner is formed by the process of extru^^thotulmlarlir^ 
off of a mandrel The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tub^ 

process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 



during the pressurizing, the interior portion of the tubular liners 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 
500 to 9,000 psL In a preferred embodiment, the annular bodyof acuredfluidic 
5 sealing material is formed by the process of injecting a body of hardenable fluidic 
sealing material into an annular region between the existing wellbore 

casing and 

the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing: In a preferred •m***?™^ th 0 tfe- WV Imer 
further includes a seal positioned in the overiapb^ween the tubular liner and the 
10 other existing wefflxxre casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing weDbore caaing. 

An apparatus far expanding a tubular member has been described that 
includes a support member, a mandrel, a tabular member, and a shoe. The 
support member includ es a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is Preferably, the 

interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe indudes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable bocfy. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the e xpansion cone is fabricated fhmi m ate ri al s selected from the group 
consisting of tool steeL titanium and ceramic. Preferahfc thg f^p*™*^ ^ Vft ^ 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown an d 
described, a wide range of modifi ca tion , changes and substitution *™» «*»mpi»fr HI 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner co nsistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 ins ta lling a tubular liner and a mandrel in the borehole; 

4 injecting fmiriic material into t>iA Kn ^ppl^ 

5 pre ssuri z in g a portion of an interior region of the tubular line r ; and 

6 radially expanding at least a portion of the hner in the borehole by 

7 extruding at least a portion of the Hner off of the mandrel 

12. A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casing, 

4 drilling out a new section of the borehole adjacent to the already existing 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overiapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular hner and the new section of the borehole; 

11 fluidity isolating the annular regkm between!^ 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel; 

17 sealing the overlap between the tubular liner and the already existing 

18 ranrnfi- 

19 supporting the tubular hner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



22 testing the integrity of the seal of the overlap between the tubular liner and 

23 the already existing casing; 

24 removing at least a portion of the hardenable fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at least aportion of the 

29 within the tubular liner. 

1 3. An apparatus for rrpanriirtg a tabular member, comprising: 

2 a support member, the support member induding a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe inchidmgathird fluid passage; 

7 wherein the first, second and third fluid passages are operably coupled. 

1 4. An apparatus for expanding a tubular member, comprising: 

2 a support member , the support member i ncluding : 

3 a first fluid passage; 

4 a second fluid passage ; and 

5 a flow control valve coupled to the firet and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel including a third fluid passage counted to the first fluid 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing elements; 

11 a shoe coupled to the tubular member, the shoe including: 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member; and 

14 one or more exhaust passages coupled to the foui^ fluid passage for 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior region of the hihtilar rammW 

1 5. Amethodofjainirjgasecon^ 

2 first tabular member having an inner diameter greater than an enter Hfamo fr^^f 

3 the second tabular member, comprising: 

4 p ortionin g a mandrel within an interior region of the second tabular 

5 member; 

6 presmrixiriga portion of tta 

7 and 

8 extruding the second tabular member off of the 

9 with the first tubular member. 

1 6. A tabular liner, comprising: 

2 an annular member, the ajmnlar member induding: 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at an end portion of the annular 

6 member. 

17. A weUbore rftgfrfc comprising; 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 m annular bocry of a cuie^ 

5 liner. 

1 8. A tie-back liner for lining en existing weMbore casing; comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandr^ 

4 m annular bocV of a cured fluidfcseah^ 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising? 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drQlable; 

8 an expandable tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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